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©  An  electrical  power  supply. 

A  power  supply  circuit  comprises:  an  input  choke  (30) 
having  one  end  connected  to  one  side  (28)  of  a  DC  supply 
source  connection  from  a  bridge  (20);  a  transformer  (34); 
and  a  circuit  loop  connected  between  another  end  of  said 
input  choke  (30)  and  another  side  (38)  of  said  DC  supply 
source  connection.  This  circuit  loop  includes  a  series  connec- 
tion  of  a  capacitor  (36),  a  switching  device  (44)  and  a  primary 
winding  (32)  of  the  transformer  (34).  The  switching  device 
(44)  includes  a  controlled  conduction  path  and  a  control 
input  (49)  for  rendering  the  conduction  path  conductive.  The 
capacitor  (36)  is  arranged  to  be  charged  primarily  by  the  DC 
supply  source  bridge  (20).  There  is  provided  a  resistive- 

capacitive  trigger  circuit  (54,  56,  58)  connected  between  the 
DC  supply  source  bridge  (20)  connection  and  the  control 
input  (49)  for  repetitively  rendering  the  switching  device  (44) 
conductive  at  a  predetermined  repetitive  rate  so  as  to 
repetitively  discharge  the  capacitor  (36)  through  the  primary 
winding  (32).  The  transformer  (34)  includes  a  secondary 
winding  (64)  and  has  a  predetermined  turns  ratio  between 
the  secondary  winding  (64)  and  the  primary  winding  (32). 
The  power  supply  circuit  further  comprises  output  circuit 
means  (72,  78)  for  rectifying  and  filtering  the  output  of  the 
secondary  winding  (64)  to  provide  the  output  of  the  power 
supply  circuit. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  the  f i e l d   o f  

e l e c t r i c a l   power  s u p p l i e s ,   and  more  p a r t i c u l a r l y   to  a  power 

supply   t h a t   opera tes   on  a  r e p e t i t i v e   pulse   b a s i s .   The  i n v e n t i o n  

is  p a r t i c u l a r l y ,   but  not  n e c e s s a r i l y   e x c l u s i v e l y ,   a p p l i c a b l e   t o  

a  power  supply  s u i t a b l e   for  use  where  power  r e q u i r e m e n t s   are  s m a l l ,  

for  example  with  e l e c t r o s t a t i c   a p p a r a t u s .  

Low  power  appara tus   u t i l i z i n g ,   for  e x a m p l e l e l e c t r o s t a t i c a l l y  

charged   components  c o n v e n t i o n a l l y   u t i l i z e   a  s t a n d a r d   core  and  c o i l  

type  high  vo l t age   t r a n s f o r m e r ,   and  a  s o l i d   s t a t e   vo l t age   d o u b l e r  

and  f i l t e r .   The  t r a n s f o r m e r   is  l a rge ,   heavy  and  r a t h e r   e x p e n s i v e  

and  the  v o l t a g e   doubler   c i r c u i t   with  r e q u i r e d   components  is  a l s o  

l a rge   and  r e l a t i v e l y   c o s t l y .   F u r t h e r ,   the  o p e r a t i o n   of  t h i s  

type  of  power  supply  c i r c u i t   is  u s u a l l y   of  r e l a t i v e l y   low 

e f f i c i e n c y   and  of  poor  power  f a c t o r   c o r r e c t i o n .  

According  to  the  p r e s e n t   i n v e n t i o n   the re   is  p rov ided   a 

power  supply  c i r c u i t   c o m p r i s i n g :  

an  inpu t   choke  having  one  end  connected  to  one  side  of  a 

DC  supply  source  c o n n e c t i o n ;  

a  t r a n s f o r m e r ;  

a  c i r c u i t   loop  connected  between  another   end  of  said  i n p u t  

choke  and  ano ther   side  of  said  DC  supply  source  connec t i on ,   s a i d  

c i r c u i t   loop  i n c l u d i n g   a  s e r i e s   connec t ion   of  a  c a p a c i t o r ,   a 

s w i t c h i n g   device  and  a  p r imary   winding  of  said  t r a n s f o r m e r ,   s a i d  

s w i t c h i n g   device  i nc lud ing   a  c o n t r o l l e d   conduct ion   path  and  a 

c o n t r o l   inpu t   for  r ender ing   said  conduc t ion   path  conduc t ive ,   s a i d  

c a p a c i t o r   being  arranged  to  be  charged  p r i m a r i l y   by  said  DC  s u p p l y  

s o u r c e ;  



a  r e s i s t i v e - c a p a c i t i . v e   t r i g g e r   c i r c u i t   connected  between  s a i d  

DC  supply  source  connec t ions   and  said  c o n t r o l   input   for  r e p e t i t i v e l y  

r ende r ing   sa id   swi tch ing   device  conduc t ive   at  a  p r e d e t e r m i n e d  

r e p e t i t i v e   ra te   so  as  to  r e p e t i t i v e l y   d i s cha rge   said  c a p a c i t o r  

through  said  primary  w i n d i n g ;  

said  t r a n s f o r m e r   i n c l u d i n g   a  secondary  winding  and  h a v i n g  

a  p r e d e t e r m i n e d   tu rns   r a t i o   between  sa id   secondary  winding  and  

said  pr imary  winding;   and  the  power  supply  c i r c u i t   f u r t h e r  

c o m p r i s i n g  

output   c i r c u i t   means  for  r e c t i f y i n g   t h e  

output   of  said  secondary  winding  to  p rov ide   the  ou tput   of  s a i d  

power  supply  c i r c u i t .  

Although  low  power,  e .g .   e l e c t r o s t a t i c ,   power  s u p p l i e s   o f  

the  p r i o r   a r t   are  g e n e r a l l y   s u i t a b l e   for  t h i e r   i n t ended   use,  i t  

is  always  d e s i r a b l e   to  provide  more  cos t   e f f e c t i v e   and  e n e r g y  
e f f i c i e n t   power  s u p p l i e s .  

A  p r e f e r r e d   embodiment  of  the  p r e s e n t   i n v e n t i o n   may 

provide  a  power  supply  s u i t a b l e   for  example  for  e l e c t r o s t a t i c  

appa ra tus   which  is  more  e f f i c i e n t   and  more  cos t   e f f e c t i v e   t h a n  

power  s u p p l i e s   of  the  p r i o r   a r t .  

A  p r e f e r r e d   embodiment  may  f u r t h e r   p rov ide   a  power  s u p p l y  

s u i t a b l e   for  example  for  e l e c t r o s t a t i c   appa ra tus   tha t   o p e r a t e s  

on  a  pulse  r e p e t i t i v e   bas i s   having  a  r e l a t i v e l y   short   d u r a t i o n a l  

pulse  ou tpu t   r e l a t i v e   to  the  pe r iod   of  the  r e p e t i t i v e   p u l s e ,  

the  r e p e t i t i v e   pulse   f requency   being  s u b s t a n t i a l l y   h igher   t h a n  

the  o p e r a t i n g   f requency  of  c o n v e n t i o n a l   s u p p l i e s .  

A  p r e f e r r e d   embodiment  may  also  p rov ide   a  power  s u p p l y  

s u i t a b l e   for  example  for  e l e c t r o s t a t i c   appa ra tu s   wherein,   in  u s e ,  

a  c a p a c i t o r   is  d i scha rged   through  the  pr imary   winding  of  a  h i g h  

vol tage   pulse   t r a n s f o r m e r   wherein  the  i n d u c t i v e   c o l l a p s e   of  t h e  

ou tpu t   t r a n s f o r m e r   r e s u l t s   in  a  r e cove ry   pulse   tha t   is  h a l f  

wave  r e c t i f i e d   and  f i l t e r e d   to  p rov ide   the  output   of  the  power  

supply  at  a  secondary  winding  of  the  high  vo l tage   t r a n s f o r m e r .  

One  p r e f e r r e d   embodiment  d e s c r i b e d   in  t h i s   p a r a g r a p h  

may  provide   a  power  supply  s u i t a b l e   for  example  for  e l e c t r o s t a t i c  

appara tus   t ha t   g e n e r a t e s   a  high  v o l t a g e   ou tpu t ,   the  high  v o l t a g e  

output   being  p rov ided   by  the  h a l f   wave  r e c t i f i c a t i o n   and  f i l t e r i n g  



of  a  pulse  s i gna l   from  a  secondary  winding  of  a  high  vo l t age   p u l s e  

t r a n s f o r m e r .   The  f i l t e r i n g   for  most  e l e c t r o s t a t i c   a p p l i c a t i o n s  i s  

p r i m a r i l y   accompl i shed   by  the  c a p a c i t a n c e   of  the  e l e c t r o s t a t i c  

a p p a r a t u s ,   The  pr imary   winding  side  of  the  high  vo l t age   p u l s e  

t r a n s f o r m e r   is  connected   in  a  s e r i e s   loop  c i r c u i t   with  a  c a p a c i t o r  

and  a  sw i t ch ing   dev ice .   The  c a p a c i t o r   is  charged  through  an 

input   choke  connected   to  a  DC  supply  source .   The  DC  supply  s o u r c e  

is  commonly  ach ieved   by  f u l l   wave  r e c t i f i c a t i o n   and  f i l t e r i n g   from 

a  120  or  240  v o l t   AC  power  source.   The  swi t ch ing   device  i s  

t r i g g e r e d   a f t e r   the  c a p a c i t o r  i s   charged  such  t ha t   the  c a p a c i t o r  

is  d i s c h a r g e d   dur ing   a  f i r i n g   pulse  through  the  pr imary  w i n d i n g  

of  the  high  v o l t a g e   t r a n s f o r m e r .   The  i n d u c t i v e   c o l l a p s e   of  t h e  

high  vo l t age   ou tpu t   t r a n s f o r m e r   p rov ides   for  the  t u r n o f f   of  t h e  

swi tch ing   device   and  also  serves   to  p a r t i a l l y   r echarge   the  c a p a c i t o r .  

The  ha l f   wave  r e c t i f i e d   high  vo l tage   ou tput   of  the  power  s u p p l y  

is  ob ta ined   from  the  recovery   pulse  of  the  high  vo l t age   p u l s e  

t r a n s f o r m e r .   The  e f f i c i e n c y   of  the  power   supply  is  improved  s i n c e  

r i n g i n g   in  the  t r a n s f o r m e r   is  dampened  due  to  the  e x t r a c t i o n   o f  

energy  from  the  r ecovery   pu l se .   The  secondary  recovery   pulse  i s  

much  h igher   in  ampl i tude   than  the  f i r i n g   pu l se .   The  power  s u p p l y  

in  one  a r rangement   ope ra t e s   to  genera te   r e p e t i t i v e   pu l ses   at  a 

f requency  of  1-3  KHz.  During  each  r e p e t i t i v e   pe r iod ,   t h e  

c a p a c i t o r   is  charged,   the  swi tching  device  d i s c h a r g e s   the  c a p a c i t o r ,  

and  a  s h o r t   d u r a t i o n a l   recovery   pulse  is  g ene ra t ed ,   and  t h e  

capacakr   is  p a r t i a l l y   r echa rged .   Severa l   independen t   ou tpu ts   w i t h  

independen t   ou tpu t   energy  of  the  power  supply  are  ob ta ined   by 

p r o v i d i n g   r e s p e c t i v e ,   independent   s e r i e s   combina t ions   of  t r a n s f o r m e r s  

and  c a p a c i t o r s   with  the  s e r i e s   combinat ions   being  connected   i n  

p a r a l l e l   across   the  swi tch ing   device.   Various  ou tputs   may  be  

i n d i v i d u a l l y   s w i t c h e d - w i t h o u t   a f f e c t i n g   the  output   of  the  o t h e r  

independent   o u t p u t s .   The  e l e c t r o s t a t i c   appara tus   ope rab le   by  t h e  

power  supply  i n c l u d e s   e l e c t r o s t a t i c   a i r   c l e a n e r s   or  f i l t e r s   and 

e l e c t r o s t a t i c   cha rg ing   appara tus   in  o f f i c e   copying  e q u i p m e n t .  

In  many  e l e c t r o s t a t i c   a p p l i c a t i o n s ,   the  t r a n s f o r m e r  

does  not  r e q u i r e   a  magnet ic   c o r e .  

For  a  b e t t e r   unde r s t and ing   of  the  i n v e n t i o n   and  to  show 

how  i t   may  be  put  into  e f f e c t   r e f e r ence   wi l l   now  be  made  by  way  o f  

example  to  the  accompanying  drawings  in  wh ich :  



Fig.  1  is  an  e l e c t r i c a l   schemat ic   r e p r e s e n t a t i o n   o f  

an  embodiment  of  power  supply  of  the  p r e s e n t   i n v e n t i o n   s u i t a b l e  

for  example  for  use  in  o p e r a t i n g   e l e c t r o s t a t i c   a p p a r a t u s ;  



FIG.  2  is  a  g r a p h i c a l   r e p r e s e n t a t i o n   of  a  wave fo rm 

o c c u r r i n g   in  a  t y p i c a l   a p p l i c a t i o n   of  the  power  supply  c i r c u i t  

'of  FIG.  1 ;  

FIG.  3  is  an  e l e c t r i c a l   s chema t i c   r e p r e s e n t a t i o n   o f  

p o r t i o n s   of  a  power  supply  c i r c u i t  

i l l u s t r a t i n g   an  a l t e r n a t e   embodiment  of  p o r t i o n s   of  the  power  

supply  c i r c u i t   of  FIG.  1;  and 

FIG.  4  is  an  e l e c t r i c a l   s chemat ic   r e p r e s e n t a t i o n   o f  

the  power  supply   c i r c u i t   of  FIG.  1  i l l u s t r a t i n g   a d d i t i o n a l  

i n d e p e n d e n t   o u t p u t   a r r a n g e m e n t s .  

which  is  accord ing   t o  
R e f e r r i n g   now  to  FIG.  1,  the  power  supply  10/  t h e  

p r e s e n t   i n v e n t i o n   is  connected  to  an  AC  input   source  g e n e r a l l y  

r e f e r r e d   to  at  12.  The  AC  power  source  c o n n e c t i o n   i n c l u d e s  

supply  l i n e s   Ll  and  L2  and  a  n e u t r a l   l i n e   N  connec ted   to  g round  

p o t e n t i a l   at  14.  The  Ll  supply  l ine   is  connec ted   th rough  a 

s e r i e s   r e s i s t o r   lb  t o  one   input   18  of  a  f u l l ' w a v e   r e c t i f i c a t i o n  

br idge   20.  The  L2  supply  l i ne   is  connec ted   to  a  second  inpu t   22 

of  the  f u l l   wave  r e c t i f i c a t i o n   b r idge   20.  The  L2  supply  l i n e  

is  a lso   connec t ed   to  the  ground  p o t e n t i a l   14  th rough  a  f i l t e r  

c a p a c i t o r   24.  The  b r idge   input   18  is  connec ted   to  the  r e f e r e n c e  

p o t e n t i a l   14  t h rough   a  f i l t e r   c a p a c i t o r   26.  

The  p o s i t i v e   DC  output   t e r m i n a l   28  of  the  b r idge   20 

is  connec ted   t h rough   the  s e r i e s   combina t ion   of  an  input   choke  

3 0 ,   a  p r imary   winding  32  of  a  high  v o l t a g e   p u l s e  

t r a n s f o r m e r   34,  and  a  c a p a c i t o r   36  to  the  low  DC  r e f e r e n c e  

output   38  of  the  b r idge   20.  A  f i l t e r   c a p a c i t o r   40  is  c o n n e c t e d  

across   the  b r i d g e   ou tpu t s   28  and  38 .  

An  SCR  44  is  connected  ac ross   the  s e r i e s   c o m b i n a t i o n  
f a s t   r e c o v e r y  

of  the  p r imary   winding  32  and  the  c a p a c i t o r   36.  A/diode   46  i s  

connected   in  p a r a l l e l   across   and  o p p o s i t e l y   poled  to  the  SCR  44 .  

Thus  the  anode  of  the  SCR  44  and  the  ca thode   of  the  diode  46 

are  connec ted   to  the  j u n c t i o n   48  of  the  input   choke  30  and  t h e  



pr imary   winding  32.  F u r t h e r   the  ca thode   of  the  SCR  44  and  t h e  

anode  of  the  diode  46  are  connec ted   to  the  low  r e f e r e n c e  

ou tpu t   38.  The  gate  lead  49  of  the  SCR  44  is  connec t ed   to  an  

ou tpu t   50  of  a  t r i g g e r i n g   network  g e n e r a l l y   r e f e r r e d   to  at  52 .  

The  t r i g g e r i n g   network  52  i n c l u d e s   the  s e r i e s  

c o m b i n a t i o n   of  a  f ixed   r e s i s t o r   54,  a  v a r i a b l e   r e s i s t o r   56  and 
and  i s  

a  c a p a c i t o r   5 8 / c o n n e c t e d   between  the  c i r c u i t   nodes  48  and  3 8 .  

The  t r i g g e r i n g   c i r c u i t   i n c l u d e s  a   t r i g g e r i n g   device   60,  a  DIAC 

in  one  s p e c i f i c   embodiment,  t ha t   is  c o n n e c t e d   between  t h e  

ou tpu t   50  of  the  t r i g g e r i n g   c i r c u i t   and  the  j u n c t i o n   of  t h e  

r e s i s t o r   56  and  the  c a p a c i t o r   58.  F u r t h e r   a  r e s i s t o r   62  i s  

connec t ed   between  the  output   50  of  the  t r i g g e r i n g   a r r a n g e m e n t  

and  the  r e f e r e n c e   po in t   3 8 .  

The  high  vo l t age   pulse   t r a n s f o r m e r   34  i n c l u d e s   a 

s econdary   winding  64  tha t   can  be  a i r   coup led   to  the  p r i m a r y  

winding  32;  the  t r a n s f o r m e r   34  not  r e q u i r i n g   a  f e r r o m a g n e t i c  

core  in  many  low  power  a p p l i c a t i o n s .   The  p o l a r i t y   dots  o f  

FIG.  1  i n d i c a t e   the  co i l   ends  of  the  p r ima ry   winding  32  and 

the  s econda ry   winding  64  t h a t   are  s i m u l t a n e o u s l y   at  common 

p o t e n t i a l .   Thus  when  a  p o s i t i v e   v o l t a g e   is  p r e s e n t   at  t h e  

co i l   end  66  of  the  pr imary   winding  32,  a  p o s i t i v e   v o l t a g e   i s  

a lso   p r e s e n t   at  the  lower  winding  end  68  of  the   s e c o n d a r y  

winding  64.  There  is  a  p r e d e t e r m i n e d   t u rns   r a t i o   between  t h e  
pr imary  and  secondary   w i n d i n g s .  

The  upper  winding  end  70  of  the  s econdary   w i n d i n g  6 4  

is  connec t ed   t h rough   a  diode  72  poled  anode  to  ca thode  to  an  

output   74  of  the  power  supply  10.  The  c o i l   winding  end  68  o f  

the  s econda ry   winding  64  is  connec ted   to  the  ground  r e f e r e n c e  

p o t e n t i a l   14  and  forms  a  ground  r e f e r e n c e   ou tpu t   76  of  t h e  

power  supply   10.  A  f i l t e r   c a p a c i t o r   78  is  connec t ed   a c r o s s  

the  o u t p u t   t e r m i n a l s   74  and  76.  'L 



It  should  be  u n d e r s t o o d   t h a t   in  va r ious   o t h e r  

s p e c i f i c   embodiments  and  a p p l i c a t i o n s ,   the  output   of  t h e  

secondary   winding  64  is  u t i l i z e d   d i r e c t l y   or  t h r o u g h  

a p p r o p r i a t e   r e c t i f i c a t i o n   to  p rov ide   a p p r o p r i a t e   p o s i t i v e  

and/or   n e g a t i v e   ou tpu t   v o l t a g e s .  

C o n s i d e r i n g   an  a p p l i c a t i o n   of  the  power  s u p p l y  

c i r c u i t   10  for  an  e l e c t r o s t a t i c   a i r   c l e a n e r   or  f i l t e r ,   t h e  

ou tpu t   74  is  connec ted   t h rough   a  r e s i s t o r   80  to  the  p o s i t i v e  

p l a t e   c o n n e c t i o n s   82  of  the  e l e c t r o s t a t i c - f i l t e r   a p p a r a t u s  

(not  shown).  T h e  o u t p u t   74  is  a l so   connec ted   th rough   a 

r e s i s t o r   84  to  the  ion  wi res   c o n n e c t i o n   86.  The  ou tpu t   76  i s  

connec ted   to  the  ground  p l a t e   c o n n e c t i o n s   of  the  e l e c t r o s t a t i c  

a i r   c l e a n e r .   C o n v e n t i o n a l l y ,   e l e c t r o s t a t i c   a i r   c l e a n e r s   o r  

f i l t e r s   i nc lude   a  number  of  ion  wi res   at  the  a i r   flow  e n t r a n c e  

of  the  a i r   c l e a n e r   t h a t   are  a r r anged   t r a n s v e r s e   to  the  d i r e c t i o n  

of  a i r   flow  th rough  the  f i l t e r .   The  f i l t e r   i nc ludes   p o s i t i v e l y  

charged  p l a t e s   a l t e r n a t e d   wi th   ground  r e f e r e n c e   p l a t e s   w i t h  

the  p l a t e s   being  a r r anged   g e n e r a l l y   p a r a l l e l   to  the  d i r e c t i o n  

of  the  a i r   flow  and  d i s p o s e d   downstream  of  the  ion  w i r e s .   Thus  

a i r   c l e a n e r s   of  t h i s   g e n e r a l   type  i o n i z e   p a r t i c u l a t e   m a t t e r   i n  

the  a i r   flow  with  the  p l a t e s   caus ing   the  ion ized   p a r t i c u l a t e  

ma t t e r   to  be  d e p o s i t e d   on  the  p l a t e s   of  the  air   c l e a n e r .  

E l e c t r o s t a t i c   air   c l e a n e r s   of  t h i s   type  e x h i b i t   ac ross   t h e i r  

g r id   input   supply  t e r m i n a l s   a . l a r g e   c a p a c i t a n c e   at  r e l a t i v e l y  

high  f r e q u e n c i e s .   A  t y p i c a l   example  of  an  e l e c t r o s t a t i c   a i r  

c l e a n e r   i n c l u d e s   a  g r id   c u r r e n t   of  a p p r o x i m a t e l y   .4  m i l l i a m p s  

at  5000  v o l t s   to  the  ion  wi res   and  a  p l a t e   c u r r e n t   o f  

a p p r o x i m a t e l y   3-4  m i c r o a m p s .  



In  o p e r a t i o n ,   t h e  r e s i s t o r   16  f u n c t i o n s   as  a  l i n e  

fuse  and  can  a l so   f u n c t i o n   as  a  d ropping   r e s i s t o r   for  220  v o l t  

o p e r a t i o n .   The  input   choke  30  is  p r e f e r a b l y   a p p r o x i m a t e l y   200 

m i l l i h e n r y s   with  any  s u i t a b l e   r e s i s t a n c e   va lue .   The  t r i g g e r i n g  

network  of  r e s i s t o r s   54,  56  and  the  c a p a c i t o r   58  d e t e r m i n e   t h e  

time  c o n s t a n t   for  the  t r i g g e r   pulse   for  the  SCR  44.  In  a 

s u i t a b l e   s p e c i f i c   embodiment,  c i r c u i t   va lues   of  the  t r i g g e r i n g  

network  52  have  been  found  s u i t a b l e   to  r e s u l t   in  r e p e t i t i v e  

t r i g g e r i n g   of  the  SCR  44  at  a  r a t e   in  the  range  of  1  KHz  t o  

3  KHz.  R e s i s t o r   62  f u n c t i o n s   to  improve  t u r n o f f   c h a r a c t e r i s t i c s  

of  the  SCR  44.  The  r e l a t i o n s h i p   between  the  component  v a l u e s  

of  the  choke  30,  the  c a p a c i t o r   36  and  the  pr imary   winding   32 

as  well   as  the  coupl ing   between  the  p r imary   winding  32  and  

the  s econda ry   winding  64  are  i n t e r r e l a t e d   to  p r o v i d e  

a p p r o p r i a t e   o p e r a t i o n   of  the  presen+  embodiment.  F u r t h e r ,   t h e  

component  v a l u e s   of  the  c i r c u i t   10  avoid  the  n e c e s s i t y   o f  

e l a b o r a t e   t u r n o f f   c i r c u i t s   for  the  SCR  4 4 .  

With  the  SCR  44  in  the  off   nonconduc t ing   s t a t e ,   t h e  

c a p a c i t o r   36  is  charged  th rough   the  p r imary   winding  32.  When 

the  SCR  44  is  t r i g g e r e d   by  the  t r i g g e r i n g   c i r c u i t   52,  t h e  

c a p a c i t o r   36  is  d i s c h a r g e d   th rough   the  pr imary   winding   32  and 

th rough   the  SCR  44.  R e f e r r i n g   now  to  FIG.  2,  the  waveform  89 

r e p r e s e n t s   the  s i g n a l   ve rsus   time  ac ross   the  s e c o n d a r y   w i n d i n g  

64  r e f e r e n c e d   to  winding  end  68.  The  curve  p o r t i o n   90  r e p r e s e n t s  

the  v o l t a g e   waveform  across   the  secondary   winding  64  du r ing   t h e  

time  t h a t   the  c a p a c i t o r   36  d i s c h a r g e s   th rough   the  t r a n s f o r m e r  

32  and  whi le   the  SCR  44  is  c o n d u c t i v e .   The  i n d u c t i v e   c o l l a p s e  

of  the  t r a n s f o r m e r   34  tu rns   off   the  SCR.44  at  a  time  s h o r t l y  

a f t e r   the  curve   po in t   92.  F u r t h e r ,   dur ing   the  r e c o v e r y   pu l se   94,  



energy  from  the  t r a n s f o r m e r   34  is  d i v e r t e d   th rough  the  f a s t  

r e c o v e r y   diode  46  to  p a r t i a l l y   r echa rge   the  c a p a c i t o r   36 .  

The  c o l l a p s e   r ecove ry   pu l se   94  of  the  t r a n s f o r m e r   34  and  t h e  

r e c h a r g i n g   of  the  c a p a c i t o r   36  th rough   the  p r imary   winding  32 

and  the  input   choke  30  improves  the  e f f i c i e n c y   of  the  c i r c u i t   10.  

The  diode  46  a lso  f u n c t i o n s   to  p r o t e c t   the  SCR  44  from  e x c e s s  

r e v e r s e   v o l t a g e s   a l lowing   s t a b l e   and  safe  o p e r a t i o n   u n d e r  

adver se   c o n d i t i o n s   such  as  an  open  or  s h o r t e d   s econdary   winding  6 4 .  

The  r e c o v e r y   pu l se   94  p r o v i d e s   a  l a rge   p o s i t i v e  

v o l t a g e   pulse   ac ross   the  s econda ry   winding  64  at  winding  end 

70  with  r e s p e c t   to  winding  end  68.  The  diode  72  h a l f   wave 

r e c t i f i e s   the  ou tpu t   of  the  s econdary   winding  64  and  c h a r g e s  

the  c a p a c i t o r   78  and  the  g r i d   network  of  the  e l e c t r o s t a t i c   a i r  

c l e a n e r   appa ra tu s   connec t ed   at  82,  86.  The  DC  ou tpu t   at  74 

remains   r e l a t i v e l y   c o n s t a n t   between  the  r e p e t i t i v e   p u l s e s   o f  

r e l a t i v e l y   shor t   d u r a t i o n   due  to  the  r e l a t i v e l y   high  f r e q u e n c y  

of  o p e r a t i o n ,   the  c a p a c i t o r   78,  and  the  c a p a c i t a n c e   of  t h e  

e l e c t r o s t a t i c   a p p a r a t u s .  

I t   should  be  u n d e r s t o o d   t h a t   in  v a r i o u s   s p e c i f i c  

embodiments  and  a p p l i c a t i o n s ,   ou tpu t s   from  the  s e c o n d a r y  

winding  64  can  be  p r o v i d e d   i n c l u d i n g   p o s i t i v e   and/or   n e g a t i v e  

v o l t a g e s   de r ived   from  the  d i s c h a r g e   pulse   90  and/or   t h e  

r e c o v e r y   pu lse   94 .  

The  r e s i s t o r   84  f u n c t i o n s   to  c u r r e n t   l i m i t   t h e  

ou tpu t   at  74  under  sho r t   c i r c u i t   c o n d i t i o n s   such  as  a r e  

e n c o u n t e r e d   when  a  l a rge   c o n d u c t i v e   p a r t i c l e   or  mass  l o d g e s  

between  the  p l a t e s   of  the  e l e c t r o s t a t i c   air   c l e a n e r   a p p a r a t u s .  

The  r e s i s t o r   80  f u n c t i o n s   to  c u r r e n t   l i m i t   the  ou tpu t   86 

and  a lso   to  p rov ide   a  v o l t a g e   d i v i d e r   for  the  p l a t e   n e t w o r k  

connec t ed   at  82.  In  many  forms  of  e l e c t r o s t a t i c   a i r   c l e a n e r  



a p p a r a t u s ,   the  p l a t e   ne twork   c o n n e c t e d ' a c r o s s   p o i n t s   82  and  76 

is  o p e r a t e d   at  a  lower  p o t e n t i a l   than  the  ion  wires   at  86 .  

In  some  forms  of  e l e c t r o s t a t i c   air   c l e a n e r s ,   the  p l a t e  

network  may  be  d i r e c t l y   connec t ed   to  the  ion  ou tpu t   at  t h e  

same  p o t e n t i a l .  

The  waveform  89  of  FIG.  2  at  p o r t i o n   96  shows  t h e  

high  f r equency   r i n g i n g   of  the  c i r c u i t   and  the  t r a n s f o r m e r   34 

t h a t   occurs  a f t e r   the  r e c o v e r y   pulse  94.  The  r i n g i n g   at  96 

is  dampened  and  g r e a t l y   reduced   with  r e s u l t a n t   improved  

e f f i c i e n c i e s   s ince   the  supply   c i r c u i t   10  e x t r a c t s   e n e r g y  

for  the  ou tpu t   at  74  and  the  p a r t i a l   cha rg ing   of  the  c a p a c i t o r  

36  from  the  r e c o v e r y   pu l se   curve  p o r t i o n   94 .  

The  c h a r a c t e r i s t i c s   of  the  high  v o l t a g e   p u l s e  

t r a n s f o r m e r   34  are  i m p o r t a n t   to  achieve  the  low  cost   f e a t u r e s  

and  high  e f f i c i e n c y   of  the  power  supply  c i r c u i t   10.  Thus  f o r  

many  a p p l i c a t i o n s   of  low  power  r e q u i r e m e n t s ,   the  high  v o l t a g e  

t r a n s f o r m e r   34  does  not  u t i l i z e   a  magnetic   core  but  i n s t e a d  

p r o v i d e s   air   c o u p l i n g   of  the  primary  winding  32  and  t h e  

secondary   winding  64  and  o p e r a t e s   as  a  c o r e l e s s   p u l s e  

t r a n s f o r m e r .   In  the  p r e f e r r e d   embodiment,  the  p r imary   and  

secondary   windings   have  the  same  winding  widths   or  t r a v e r s e .  

F u r t h e r   a d d i t i o n a l   i n t e r l a y e r   i n s u l a t i o n   is  p rov ided   to  r e d u c e  

i n t e r l a y e r   c a p a c i t a n c e   to  improve  output   v o l t a g e .   Thus  t h e  

t r a n s f o r m e r   34  of  the  power  supply  c i r c u i t   10  of  the  p r e s e n t  

embodiment  with  the  no ted   c h a r a c t e r i s t i c s   r e s u l t s   in  o p e r a t i o n  

of  the  c i r c u i t   10  in  a c c o r d a n c e   with  the  waveform  89  of  FIG.  2 .  



C o n s i d e r i n g   e l e c t r o s t a t i c   a p p a r a t u s  f o r   use  w i t h  

the  power  supply  c i r c u i t   10  in  a d d i t i o n   to  e l e c t r o s t a t i c   a i r  

p r e c i p i t a t o r s ,   any  a p p a r a t u s   tha t   r e q u i r e s   a  high  v o l t a g e  

e l e c t r o s t a t i c   charge  for  o p e r a t i o n   at  r e l a t i v e l y   high  v o l t a g e s  

and  low  c u r r e n t s   may  be  s u i t a b l y   ope ra t ed   from  the  power  

supply   c i r c u i t   10.  For  example  in  o f f i c e   c o p i e r   m a c h i n e s ,  

e l e c t r o s t a t i c   a r r angemen t s   are  u t i l i z e d   for  the  c h a r g i n g   and 

d i s c h a r g i n g   of  paper  or  o ther   copying  medium.  The  e l e c t r o s t a t i c  

c h a r g i n g   a r r angemen t s   of  such  o f f i c e   c o p i e r s   can  be  a p p r o p r i a t e l y  

s u p p l i e d   by  the  power  supply  c i r c u i t   10  of  the  p r e s e n t   embodiment.  

R e f e r r i n g   now  to  FIG.  3  and  c o n s i d e r i n g   an  a l t e r n a t e  

embodiment  of  the  power  supply  c i r c u i t   of  FIG.  1,  t h e  

c a p a c i t o r   36,  the  SCR  44  and  the  pr imary   winding  32  of  t h e  

high  v o l t a g e   t r a n s f o r m e r   34  are  a r ranged   in  a  s e r i e s   c i r c u i t  

loop  as  in  FIG.  1.  However,  in  FIG.  3  the  c a p a c i t o r   36  i s  

c o n n e c t e d   between  the  j u n c t i o n   48  and  the  low  DC  supply   r e f e r e n c e  

38  of  the  b r idge   20.  F u r t h e r   the  s e r i e s   c o m b i n a t i o n   of  t h e  

p r i m a r y   winding  32  and  the  SCR  44  are  connec ted   between  t h e  

j u n c t i o n   po in t   48  and  the  low  DC  supply  r e f e r e n c e   ou tpu t   38 .  

O p e r a t i o n   of  the  a l t e r n a t e   a r rangement   of  FIG.  3  is  s i m i l a r  

to  t h a t   of  FIG.  1  with  t r i g g e r i n g   of  the  SCR  caus ing   t h e  

d i s c h a r g e   of  the  c a p a c i t o r   36  through  the  p r imary   winding  32 

of  the  t r a n s f o r m e r   3 4 .  

R e f e r r i n g   now  to  FIG.  4,  the  power  supply  c i r c u i t   10 

is  c apab le   of  being  a r ranged   to  provide   m u l t i p l e   i n d e p e n d e n t  

o u t p u t s   by  the  p r o v i s i o n   of  a d d i t i o n a l   p a r a l l e l   c i r c u i t   b r a n c h e s  

i n c l u d i n g   the  s e r i e s   combina t ion   of  a  c a p a c i t o r   and  a  t r a n s f o r m e r .  



For  example,  in  FIG.  4,  the  s e r i e s   c o m b i n a t i o n   of  a  c a p a c i t o r   136 

and  a  pr imary   winding  132  of  a  t r a n s f o r m e r   134  is  connec ted   i n  

p a r a l l e l   with  the  SCR  44  and  in  p a r a l l e l   with  the  s e r i e s  

combina t ion   of  the  p r imary   winding  32  and  the  c a p a c i t o r   3 6 .  

The  t r a n s f o r m e r   134  is  s i m i l a r   in  s t r u c t u r e   to  the  t r a n s f o r m e r   3 4 .  

Thus,  the  a d d i t i o n a l   ou tpu t   174  of  the  power  supply  c i r c u i t  

may  be  o b t a i n e d   from  the  secondary   winding  164  through  a  diode  172 .  

F u r t h e r ,   the  o u t p u t s   at  74  and  174  may  be  i n d e p e n d e n t l y  

c o n t r o l l e d   by  the  p r o v i s i o n   of  a  s w i t c h   140  in  the  s e r i e s  

c i r c u i t   branch  with  the  c a p a c i t o r   136  and  the  pr imary  winding  132 .  

The  o p e r a t i o n   of  the  swi tch   c o n t r o l l i n g   the  on  or  off  s t a t e  

of  the  output   174  does  not  have  any  a p p r e c i a b l e   e f f e c t   on  t h e  

output   74.  It  should  be  u n d e r s t o o d   t h a t   any  d e s i r e d   number 

of  m u l t i p l e   ou tpu t s   may  be  s u p p l i e d   in  t h i s   manner.  F u r t h e r ,  

i t  s h o u l d   also  be  u n d e r s t o o d   t h a t   the  v a r i o u s   output   b r a n c h e s  

al low  independen t   s e l e c t i o n   of  component  va lues   of  t h e  

c a p a c i t o r s   36,  136  and  t r a n s f o r m e r s   34,  134  to  p r o v i d e  

d e s i r e d   ou tput   l e v e l s   at  the  i n d e p e n d e n t   o u t p u t s .  

While  t h e r e   has  been  i l l u s t r a t e d   and  d e s c r i b e d  

s e v e r a l   embodiments  of  the  p r e s e n t   i n v e n t i o n ,   i t   w i l l   be  

apparent   t ha t   v a r i o u s   changes  and  m o d i f i c a t i o n s   t h e r e o f   w i l l  

occur  to  those  s k i l l e d   in  the  a r t .   For  example,  by  

v a r i a t i o n s   of  the  r e s i s t a n c e   of  component  56,  the  o u t p u t  

vo l t age   may  be  s u i t a b l y   v a r i e d   as  d e s i r e d .   F u r t h e r ,   i n  

order  to  s t a b i l i z e   the  ou tpu t   v o l t a g e   for  v a r i a t i o n s   in  i n p u t  
may  b e  

supply  v o l t a g e s ,   a  zener  diode  /  added  having  a  c a t h o d e  

connected   to  the  j u n c t i o n   of  r e s i s t o r s   54  and  56  and  an  anode  

connected   to  the  r e f e r e n c e   38  to  p r o v i d e   a  s t a b l e   r e f e r e n c e  

vo l tage   to  the  t r i g g e r i n g   a r r angemen t   52.  Although  t h e  



power  supply  c i r c u i t   of  the  p r e s e n t   i n v e n t i o n   is  g e n e r a l l y   i n t e n d e d  

for  e l e c t r o s t a t i c   a p p l i c a t i o n s ,   i t   should  also  be  unders tood   t h a t  

the  p r e s e n t   i n v e n t i o n   is  also  a p p l i c a b l e   to  genera l   power  s u p p l y  

a p p l i c a t i o n s   where  power  r e q u i r e m e n t s   are  s m a l l .  

In  gene ra l   terms  there   has  been  i l l u s t r a t e d   and  
s u i t a b l e  

d e s c r i b e d   a  power  s u p p l y / f o r   e l e c t r o s t a t i c   appara tus   which  p r o v i d e s  

a  high  v o l t a g e   ou tpu t .   The  high  vo l t age   ou tpu t   is  p r o v i d e d  

by  the  h a l f   wave  r e c t i f i c a t i o n   and  f i l t e r i n g   of  a  pulse  s i g n a l  

from  a  secondary   winding  of  a  high  v o l t a g e   pulse   t r a n s f o r m e r .  

The  f i l t e r i n g   for  most  e l e c t r o s t a t i c   a p p l i c a t i o n s   is  p r i m a r i l y  

accompl i shed   by  the  c a p a c i t a n c e   of  the  e l e c t r o s t a t i c   a p p a r a t u s .  

The  pr imary   winding  side  of  the  high  vo l t age   pulse   t r a n s f o r m e r  

is  connec ted   in  a  s e r i e s   loop  c i r c u i t   wi th   a  c a p a c i t o r   and  a 

swi t ch ing   dev ice .   The  c a p a c i t o r   is  charged  through  an  i n p u t  

choke  connec ted   to  a  DC  supply  source .   The  DC  supply  source  i s  

commonly  ach ieved   by  f u l l   wave  r e c t i f i c a t i o n   and  f i l t e r i n g   f rom 

a  120  or  240  v o l t   AC  power  source .   The  swi t ch ing   device  i s  

t r i g g e r e d   a f t e r   the  c a p a c i t o r   is  charged  such  t ha t   the  c a p a c i t o r  

is  d i s c h a r g e d   through  the  primary  winding  of  t h e ' h i g h v o l t a g e  

t r a n s f o r m e r .   The  i n d u c t i v e   c o l l a p s e   of  the  high  vol tage   o u t p u t  

t r a n s f o r m e r   p r o v i d e s   for  the  t u r n o f f   of  the  swi tch ing   device  and  

also  se rves   to  p a r t i a l l y   recharge   the  c a p a c i t o r .   The  ha l f   wave 

r e c t i f i e d   high  v o l t a g e   ou tput   of  the  power  supply  is  o b t a i n e d  

from  the  r ecove ry   pulse   of  the  high  v o l t a g e   pulse   t r a n s f o r m e r .  

The  e f f i c i e n c y   of  the  power  supply  is  improved  since  r i n g i n g  

in  the  t r a n s f o r m e r   is  dampened  due  to.- the  e x t r a c t i o n   of  e n e r g y  
from  the  r e cove ry   pu l se .   The  r ecovery   pulse   is  much  h igher   i n  

ampl i tude   than  the  f i r i n g   pulse   dur ing  which  the  swi t ch ing   d e v i c e  

d i s c h a r g e s   the  c a p a c i t o r   through  the  pr imary   winding  of  the  p u l s e  

t r a n s f o r m e r .   The  power  supply  in  one  a r rangement   ope ra t e s   t o  

genera te   r e p e t i t i v e   pu l ses   at  a  f requency   of  1-3  KHz.  Dur ing  

each  r e p e t i t i v e   p e r i o d ,   the  c a p a c i t o r   is  charged,   the  s w i t c h i n g  

device  d i s c h a r g e s   the  c a p a c i t o r ,   and  a  shor t   d u r a t i o n a l   r e c o v e r y  

pulse  is  g e n e r a t e d .   Several   i ndependen t   ou tpu t s   of  the  power  

supply  may  be  o b t a i n e d   by  p rov id ing   r e s p e c t i v e ,   i n d e p e n d e n t  

s e r i e s   combina t ions   of  t r a n s f o r m e r s   and  c a p a c i t o r s   with  the  s e r i e s  

combina t ions   being  connected  in  p a r a l l e l   across   the  s w i t c h i n g  



device .   Various  outputs   may  be  i n d i v i d u a l l y   swi tched  w i t h o u t  

a f f e c t i n g   the  output   of  the  o the r   i ndependen t   o u t p u t s .   The 

e l e c t r o s t a t i c   appara tus   ope rab l e   by  the  power  supply  i n c l u d e s  

e l e c t r o s t a t i c   air   c l e a n e r s   or  f i l t e r s   and  e l e c t r o s t a t i c   c h a r g i n g  

appa ra tu s   in  o f f i c e   copying  equipment .   In  many  e l e c t r o s t a t i c  

a p p l i c a t i o n s ,   the  t r a n s f o r m e r   does  not  r e q u i r e   a  magnetic   c o r e .  

I t   is  i n t ended   in  the  appended  claims  to  cover  a l l  

such  changes  and  m o d i f i c a t i o n s   as  f a l l   w i th in   the  t rue  s p i r i t  

and  scope  of  the  p r e s e n t   i n v e n t i o n .  



1.  A  power  supply  c i r c u i t   c o m p r i s i n g :  

an  input   choke  having  one  end  connected   to  one  side  of  a 

DC  supply  source  c o n n e c t i o n ;  

a  t r a n s f o r m e r ;  

a  c i r c u i t   loop  connected   between  another   end  of  said  i n p u t  

choke  and  ano ther   s ide  of  said  DC  supply  source  connec t ion ,   s a i d  

c i r c u i t   loop  i n c l u d i n g   a  s e r i e s   connec t ion   of  a  c a p a c i t o r ,   a  

swi t ch ing   device  and  a  pr imary  winding  of  said  t r a n s f o r m e r ,   s a i d  

swi t ch ing   device  i n c l u d i n g   a  c o n t r o l l e d   conduc t ion   path  and  a 

c o n t r o l   i npu t   for  r e n d e r i n g   said  conduc t ion   path  conduc t ive ,   s a i d  

c a p a c i t o r   being  a r r anged   to  be  c h a f e d  p r i m a r i l y   by  said  DC  s u p p l y  

s o u r c e ;  

a  r e s i s t i v e - c a p a c i t i v e   t r i g g e r   c i r c u i t   connected  be tween  

said  DC  supply  source  connec t ion   and  s a i d  c o n t r o l   input   f o r  

r e p e t i t i v e l y   r e n d e r i n g   sa id   swi t ch ing   device  conduct ive   at  a 

p r e d e t e r m i n e d   r e p e t i t i v e   r a t e   so  as  to  r e p e t i t i v e l y   d i s c h a r g e  

said  c a p a c i t o r   through  said  pr imary  w i n d i n g ;  

sa id   t r a n s f o r m e r   i n c l u d i n g   a  secondary  winding  and 

having  a  p r e d e t e r m i n e d   turns   r a t i o - b e t w e e n   said  secondary  w i n d i n g  

and  said  pr imary  winding;   and  the  power  supply  c i r c u i t   f u r t h e r  

c o m p r i s i n g  

ou tpu t   c i r c u i t   means  for  r e c t i f y i n g   t h e  

ou tpu t   of  said  secondary   winding  to  p rov ide   the  output   of  s a i d  

power  supply  c i r c u i t .  

2.  The  power  supply  c i r c u i t   of  claim  1  wherein  s a i d  

t r a n s f o r m e r   comprises   an  a i r   core  with  coupl ing   of  said  p r i m a r y  

and  secondary  windings  being  through  the  ambient  a i r .  

3.  The  power  supply  c i r c u i t   of  claim  1  or  2,  which  is  such  

t h a t   when  the  c i r c u i t   is  in  use  the  power  supply  c i r c u i t   o u t p u t  

is  ob ta ined   from  a  r ecovery   pulse  in  said  pr imary  winding  of  s a i d  

t r a n s f o r m e r   o c c u r r i n g   a f t e r   said  c a p a c i t o r   is  d i scha rged   and 

subsequent   to  the  occu r r ence   of  a  s igna l   across   said  p r i m a r y  

winding  t ha t   is  in  response   to  the  d i s cha rge   of  said  c a p a c i t o r ,  

s a i d  r e c o v e r y   pulse   in  said  pr imary  winding  being  of  o p p o s i t e  

p o l a r i t y   to  said  s i g n a l   o c c u r r i n g   in  response   to  the  d i s c h a r g e  

of  said  c a p a c i t o r ,  



..  The  power  supply  c i r c u i t   of  any  p r eced ing   claim,  w h e r e i n  

sa id   o u t p u t   c i r c u i t   means  comprises   a  diode  r e c t i f i e r   having  an 

anode  connec ted   to  a  f i r s t   end  of  sa id   secondary  winding,   the  power 

supply  c i r c u i t   output   being  p r o v i d e d   between  the  cathode  of  s a i d  

diode  r e c t i f i e r   and  a  second  end  of  said  secondary  w i n d i n g .  

5.  The  power  supply  c i r c u i t   of  claim  4,  which  is  such  t h a t  

when  the  c i r c u i t   is  in  use  the  d i s c h a r g e   of  sa id   c a p a c i t o r   t h r o u g h  

said  p r imary   winding  r e s u l t s   in  a  p o s i t i v e   vo l t age   being  d e v e l o p e d  

ac ross   sa id   pr imary  winding  r e f e r e n c e d   to  a  f i r s t   end  of  s a i d  

p r imary   winding,   said  pr imary  and  secondary   windings  b e i n g  

wound  and  d i sposed   r e l a t i v e   to  each  o the r   such  t h a t   said  f i r s t  

end  of  sa id   pr imary  winding  is  of  o p p o s i t e   p o l a r i t y   with  r e s p e c t  

to  said  f i r s t   end  of  said  secondary   w i n d i n g .  

6.  The  power  supply  c i r c u i t   of  any  p r e c e d i n g   c la im,   w h e r e i n  

sa id   p r imary   winding  and  said  c a p a c i t o r   are  connec ted   in  s e r i e s  

with  each  o ther   and  the  s e r i e s   combina t ion   of  sa id   c a p a c i t o r  

and  sa id   pr imary  winding  i s  c o n n e c t e d   in  p a r a l l e l   with  s a i d  

s w i t c h i n g   d e v i c e .  

7.  The  power  supply  c i r c u i t   of  any  p r eced ing   claim  1  to  5 ,  

wherein  sa id   primary  winding  and  said  swi t ch ing   device  a r e  

connec ted   in  s e r i e s   with  each  o the r   and  the  s e r i e s   c o m b i n a t i o n  

of  sa id   sw i t ch ing   device  and  said  pr imary   winding  is  c o n n e c t e d  

in  p a r a l l e l   with  said  c a p a c i t o r .  

8.  The  power  supply  c i r c u i t   of  any  p r e c e d i n g   c laim,   t h e r e i n  

said  s w i t c h i n g   device  is  an  SCR  having  an  anode  lead  c o n n e c t e d  

to  sa id   o the r   end  of  said  i npu t   choke  and  a  cathode  l e a d  

connec ted   to  said  other  side  of  said  DC  supply  s o u r c e  c o n n e c t i o n .  

9.  The  power  supply  c i r c u i t   of  any  p r eced ing   c la im,   f u r t h e r  

compr i s ing   means  r e spons ive   to  an  AC  power  source  for  p r o v i d i n g  

DC  power  ac ross   said  DC  supply  source  c o n n e c t i o n .  

10.  The  power  supply  c i r c u i t   of  any  p r e c e d i n g   c la im,   w h e r e i n  

said  t r a n s f o r m e r   comprises  p r e d e t e r m i n e d   c h a r a c t e r i s t i c s   t h a t  

are  r e l a t e d   to  said  power  supply  c i r c u i t   such  t h a t   when  the  c i r c u i t  

is  in  use  a  high  vol tage   r ecovery   pu lse   is  produced  due  to  t h e  

i n d u c t i v e   c o l l a p s e   of  said  t r a n s f o r m e r   a f t e r   said  c a p a c i t o r   i s  

d i s c h a r g e d .  

11.  The  power  supply  c i r c u i t   of  claim  10,  which  is  such  t h a t  

when  the  c i r c u i t   is  in  use  said  r ecovery   pulse   is  oppos i t e   i n  



p o l a r i t y   to  a  s igna l   r e s u l t i n g   from  the  d i scharge   o f  s a i d  

c a p a c i t o r   as  r e f e r e n c e d   to  a  common  end  of  said  primary  w i n d i n g ,  

and  said  r ecovery   pulse  is  of  a  highcfpeak  ampli tude  than  s a i d  

s i g n a l   r e s u l t i n g   from  the  d i s c h a r g e   of  said  c a p a c i t o r .  

12.  The  power  supply  c i r c u i t   of  claim  6,  or  any one  of  c l a i m s  

7  to  11  when  appendent   e i t h e r   d i r e c t l y   or  i n d i r e c t l y   to  claim  6, 

f u r t h e r   compris ing   at  l e a s t   one  a d d i t i o n a l   s e r i e s   combinat ion  o f  

a  second  c a p a c i t o r   and  a  second  p r imary   winding  of  a  s e c o n d  

t r a n s f o r m e r   connected  i n _ p a r a l l e l   with  said  swi tch ing   device  t o  

p rov ide   at  l e a s t   one  r e s p e c t i v e   a d d i t i o n a l   output   of  said  power  

supply  c i r c u i t .  

1 3 .   The  power  supply  c i r c u i t   of  claim  12  f u r t h e r  

compr i s ing   switch  means  a d d i t i o n a l l y   connected  in  s e r i e s   w i t h  

sa id   second  c a p a c i t o r   and  said  second  pr imary  winding  f o r  

c o n t r o l l i n g   o p e r a t i o n   of  sa id   a d d i t i o n a l   output   of  s a i d  

power  supply  c i r c u i t   i ndependen t   of  said  one  or  more  o t h e r  

ou tpu t s   of  said  power  supply  c i r c u i t .  

14.  The  power  supply  c i r c u i t   of  any  p reced ing   claim,  when 

in  combina t ion   with  e l e c t r o s t a t i c   a i r   c l e a n e r   appara tus   o p e r a b l y  

connec ted   to  said  output   of  said  power  supply  c i r c u i t ,   s a i d  

e l e c t r o s t a t i c   a i r   c l eane r   a p p a r a t u s   i n c l u d i n g   a  p l a t e   c o n n e c t i o n ,  

an  ion  wire  connec t ion   and  a  r e f e r e n c e   connec t ion ,   said  o u t p u t  

c i r c u i t   means  f u r t h e r   compr is ing   means  for  p r o v i d i n g   a  c u r r e n t  

l i m i t e d   ion  wire  ou tpu t ;   a  p l a t e   ou tpu t   having  a  p r e d e t e r m i n e d  

ou tpu t   p o t e n t i a l   equal  to  or  less   than  said  ion  wire  ou tpu t ,   and 

a  r e f e r e n c e   output   c o n n e c t i o n .  

15.  The  power  supp ly   c i r c u i t   of  any  p reced ing   c l a i m ,  

wherein  sa id   swi tch ing   device  comprises   an  SCR. 

16.  The  power  supply  c i r c u i t   of  claim  15,  f u r t h e r  

compr i s ing   a  f a s t   recovery   diode  connec ted   across  said  SCR  and 

o p p o s i t e l y   poled  with  r e s p e c t   to  sa id   SCR. 

17.  The  power  supply  c i r c u i t   of  any  p reced ing   c l a i m ,  

wherein   said  output   c i r c u i t   means  comprises   f i l t e r   means  f o r  

f i l t e r i n g   the  output   of  the  c i r c u i t ,  
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